Background: muscle wasting is associated with a detrimental outcome in older people. Muscle strength measurements could be useful as part of a clinical evaluation of oldest old patients to determine who are most at risk of accelerated decline in the near future. Objective: this study aimed to assess if handgrip strength predicts changes in functional, psychological and social health among oldest old. Design: the Leiden 85-plus Study is a prospective population-based follow-up study. Subjects: five-hundred fifty-five, all aged 85 years at baseline, participated in the study.
Introduction
Muscle wasting is a dominant feature of old age and is commonly referred to as sarcopenia. Estimates of the prevalence of sarcopenia range depending on the definition from 18% to over 60% in the general population of the oldest old [1] . Due to a rapid growth of the number of oldest old in our societies, sarcopenia will become a common health problem [1] .
Muscle wasting is associated with detrimental outcome in the elderly, such as disability and mortality [2] . Several recent cross-sectional studies have shown associations between muscle strength and physical fitness, disability or cognition [3] [4] [5] [6] . A number of prospective studies have described the association of handgrip strength and health decline in the elderly, predominantly describing its association with functional disability [7] [8] [9] [10] [11] [12] and mortality [13, 14] . A limited number of studies report on the associations between muscle strength and cognition [15] [16] [17] .
All these associations raise the question about the value of muscle strength as a potential predictor of declining health in the oldest old. Muscle strength measurements could be useful as part of a clinical evaluation of the oldest old patients in determining which patients are most at risk of accelerated decline in the near future. Therefore we have studied the impact of muscle weakness on three health domains, functional, psychological and social health. Handgrip strength was used as a proxy for muscle strength in this study [3] .
Methods

Participants and procedures
The Leiden 85-plus Study is a community-based prospective follow-up study of inhabitants of the city of Leiden, The Netherlands. Enrolment took place between 1997 and 1999. All inhabitants, including nursing home residents, who reached the age of 85 were eligible to participate. There were no selection criteria on health or demographic characteristics [18] . In total 599 persons participated, 87% of all eligible inhabitants. At baseline, a research nurse visited participants at their place of residence. During these visits, socio-demographic characteristics including gender, marital status and living situation were recorded, performance tests were conducted, blood samples collected and an electrocardiogram (ECG) was recorded. The medical history was obtained from the general practitioner or nursing home physician. Follow-up visits were performed annually. The Medical Ethical Committee of the Leiden University Medical Center approved the study. All participants gave informed consent. In case of severe cognitive impairment, a guardian gave informed consent.
Handgrip strength
At ages 85 and 89, handgrip strength was measured with a Jamar hand dynamometer (Sammons Preston Inc., Bolingbrook, IL). The participant was asked to stand up and hold the dynamometer in the dominant hand with the arm parallel to the body without squeezing the arm against the body. The width of the handle was adjusted to the size of the hand to make sure that the middle phalanx rested on the inner handle. The participant was allowed to perform one test trial. After this, three trials followed and the best score was used for analysis. Handgrip strength was expressed in kilogrammes (Kg). Only handgrip strength measurements that were assessed as reliable by the research nurse were included in the analysis. The research nurse judged the effort according to the following criteria: refusal of participation, physical impairment, cognitive impairment, inability to follow the instructions and technical difficulties.
Items of functional health
Competence in daily functioning was measured with the Groningen Activity Restriction Scale (GARS) [19] . The GARS is a questionnaire that assesses disabilities in competence in the area of nine basic activities of daily living (ADL) and nine instrumental activities of daily living (IADL). A sum score was calculated separately for ADL and IADL. Hence, each sum score ranged from nine (competent in all activities) to 36 (unable to perform any activity without help). Walking speed was assessed with a standardised 6-m walking test as used in other longitudinal ageing studies [20] . Participants were requested to walk 3 m back and forth as quickly as possible. The use of a walking aid was allowed during this test. The time for the walking test was measured in seconds.
Items of psychological health
Cognitive functioning was measured with the Mini-Mental State Examination (MMSE) [21] . The 15-item Geriatric Depression Scale (GDS-15) was used as a screening instrument for depression [22] . As the validity and reliability of the GDS-15 may be reduced in subjects with impaired cognitive function, this questionnaire was restricted to those with MMSE scores above 18 points (n = 482) [23, 24] .
Items of social health
Social functioning was measured with the Time Spending Pattern questionnaire (TSP). The TSP lists involvement in social and leisure activities leading to a sum score for these activities [25] . The questionnaire consists of 23 items (e.g. bathing a spouse, cycling, gardening, reading a book or watching television) scored from 0 (no activities) to 4 (participating in activity on a daily basis).
Feelings of loneliness were annually assessed by the Loneliness Scale [26] , an 11-item questionnaire especially developed for use in elderly populations. Scale scores range from 0 (absence of loneliness) to 11 (severe loneliness). The Loneliness Scale was also restricted to those with MMSE scores above 18 points.
Potential confounders
Data on common chronic diseases were obtained from the general practitioner, pharmacist's records, ECG and blood sample analysis [27] .
Chronic diseases included stroke, angina pectoris, myocardial infarction, intermittent claudication, peripheral arterial surgery, diabetes mellitus, obstructive pulmonary disease, malignancy and arthritis. Multi-morbidity was defined as the sum score of these somatic diseases.
Statistical analysis
Baseline cross-sectional associations at age 85 were assessed between tertiles of handgrip strength and items of health, using ANOVA (Analyses of variance). Handgrip strength was ranked and divided into tertiles for men and women separately.
The prospective association between handgrip strength and the items of health was analysed with linear mixed models. The flexibility of mixed models makes them the preferred choice for the analysis of repeated-measures data [28] . The used models included estimates for 'handgrip strength', 'time' and 'handgrip strength * time'. The estimate for 'handgrip strength' indicates the baseline association between handgrip strength and health item scores (presented in Table 3 as 'baseline difference'). This estimate indicates the change in health items per kilogramme increase in handgrip strength. The estimate for 'time' indicates the annual change in performance for those participants with mean handgrip strength levels (presented in Table 3 as 'annual change'). The estimate for 'handgrip strength * time' indicates the accelerated annual decline in health items per kilogramme decrease of handgrip strength at baseline (presented in Table 3 as 'accelerated decline'). All estimates were adjusted for gender, height, weight and income. Estimates were standardised per kilogramme change of grip strength by using the formula: (individual handgrip strength − mean handgrip strength in study population). SPSS 16.0 for Windows was used for all analyses. P-values < 0.05 were considered statistically significant.
Results
Participants characteristics
Reliable scores for handgrip strength were available for 555 (92.6%) participants at age 85. At baseline, there were 44 non-completed handgrip strength measurements due to refusal to participate (n = 3), physical impairment (n = 17), cognitive impairment (n = 9), inability to follow instructions (n = 5) and other reasons (n = 10). There were 73 (12.9%) participants with an MMSE score ≤ 18 points, being indicative of cognitive impairment. Depressive symptoms (GDS score ≥ 4 points) were present in 114 (20.5%) of the participants. The other baseline characteristics of the study population are shown in Table 1 .
Functional, psychological, and social health domain
The cross-sectional analyses at age 85 of functional, psychological and social items of health are shown in Table 2 for each tertile of handgrip strength. Lower handgrip strength was significantly correlated with poorer health item scores at baseline (Table 2 , all P ≤ 0.03).
To analyse the prospective association between baseline handgrip strength and changes in the various health domains, we used linear mixed models (Table 3 ). In line with the cross-sectional results, we confirmed the association between handgrip strength and health item scores at baseline as indicated by 'baseline difference'. Over time all health items, except loneliness, declined as indicated by a Linear mixed model adjusted for gender, height, weight, income and multi-morbidity, n = 555. The estimate for 'baseline difference' indicates the baseline association between handgrip strength and health item scores. The estimate for 'annual change' indicates the annual change in performance for those participants with mean handgrip strength levels. The estimate for 'accelerated decline' indicates the accelerated annual change in health items per kilogramme change of handgrip strength at baseline. b SE, standard error. c GARS, possible scores range from 9 to 36 points (best to worst). d 6-m walking test, scores ranged from 4.16 to 76.47s (best to worst). e MMSE, possible scores range from 0 to 30 points (worst to best). f GDS-15, possible scores range from 9 to 36 points (best to worst). g TSP, possible scores range from 0 to 92 points (worst to best). h de Jong-Gierveld Loneliness Scale, possible scores range from 0 to 11 points (best to worst).
the estimate 'annual change'. Finally, we assessed if lower handgrip strength at baseline predicted an accelerated decline in the health domains as assessed by the estimate 'accelerated decline'. Where such an estimate is significant, this indicates a predictive relationship in the model. Lower handgrip strength predicted an accelerated decline in ADLdisability in the functional health domain (0.02 points increase in GARS score per kilogramme loss of handgrip strength, P ≤ 0.001) and cognition in the psychological health domain (0.01 points decline in MMSE score per kilogramme loss of handgrip strength, P = 0.001), but not in other items of health (all P > 0.30). Additional adjustments for baseline MMSE and GDS scores did not change the prospective results of the functional health items. The prospective results of the psychological health items did not change after adjustment for baseline scores of ADL disability, IADL disability and walking speed. The results of the social health items were not influenced by adjustment for baseline functional health items or baseline psychological items.
Discussion
The aim of the present study was to explore if handgrip strength predicts decline in functional, psychological and social health in the oldest old. Our findings show that lower handgrip strength predicted an accelerated decline in ADLdisability and cognition, and thus contributes to increasing dependency in old age. To our knowledge, our study is the first to report on the prospective associations between handgrip strength and three health domains in a cohort of oldest old participants. A number of other studies have reported on prospective associations between handgrip strength and functional ability, or cognition in the elderly, but the mean age of participants in these prospective studies was younger and none of these included all three health domains [7] [8] [9] [10] [11] [12] [15] [16] [17] . Some of these studies were limited to men [7, 8] or women [12, 13] .
We confirmed the predictive value of handgrip strength in the functional health domain in oldest old participants. No predictive association was found between handgrip strength and IADL disability, which had been shown to be a predictor in Japanese community-dwelling elderly in participants aged 65 years and older [9] . For walking speed, we could not confirm a predictive value of handgrip strength, which were associated with each other in a comprehensive cross-sectional study [3] .
For the association between muscle strength and functional health, one would expect that interventions aimed at improving muscle strength are beneficial. A recent review [29] has assessed the effect of resistance training on physical functioning in subjects over 60 years old. High intensity strength training, three times a week, significantly improved muscle strength, and was associated with improvement in physical ability.
Our finding that low handgrip strength predicts accelerated cognitive decline has been reported by others, but again in younger study participants [15] [16] [17] . Changes in handgrip strength did not predict changes in depression, possibly because of a process of psychological adaptation during ageing in elderly people [30] .
In the social health domain, no predictive association was found with the item loneliness. This might be explained by the fact that the need for care results in regular contact with caregivers, thereby stimulating psychological well being as suggested by a cross-sectional Scandinavian study among elderly nursing home residents [31] .
This study has several key strengths to studying consequences of sarcopenia in elderly people. The Leiden 85-plus Study is a longitudinal population-based cohort study with extensive measures for health and functioning. Therefore the results can be generalised to the western population of oldest old. Furthermore, the longitudinal design with repeated measurements of diverse items of health allowed us to demonstrate a temporal association.
A possible weakness of our study could be that our participants appear to be relatively fit. For very frail elderly people, measuring handgrip strength might be difficult and the results could not be applicable to this group. But, only 44 (7.3%) measurements of handgrip strength were excluded from our study because these were deemed unreliable. Of which, 31 (5.2%) were the result of physical or cognitive impairment. We don't know if our participants are fitter compared to other oldest old. Comparison of participant characteristics of the Leiden 85-plus Study with other prospective studies on ageing is difficult because of age differences and different methodology. The Newcastle 85-plus Study started in 2006 [32] and is comparable in design to the Leiden 85-plus Study. The characteristics of the subjects from the Newcastle pilot study are similar to our study participants with regard to living arrangements, cognitive ability and depressive symptoms [33] . Another weakness of the study could be that the questionnaires on depression and loneliness were limited to those participants without cognitive decline which could have underestimated the associations between handgrip strength and the psychological indicators. However, only 73 (13%) of the participants were excluded due to an MMSE score of 18 points or lower. One could also argue that the chosen health domains are indirectly related to one another; however, further adjustment of the linear mixed model for this possible confounding did not change the results.
Functional measurements, as walking or gait speed, chair stand test and balance, have also been shown to predict functional limitations of the lower body [12, 20, 34] , and cognition [35] in older subjects. As yet it is unclear whether muscle strength or functional measurements are the stronger predictor, and which causal pathways are involved. An advantage of handgrip strength could be that it is easy to use in clinical practice.
We conclude that poor handgrip strength is a predictor of accelerated dependency in ADL and cognitive decline in oldest old. Based on these findings, we conclude that measuring handgrip strength could be a useful instrument in geriatric clinical practice to identify those oldest old patients at risk for accelerated decline in ADL ability and cognition.
Key points
• Poor handgrip strength predicts accelerated dependency in ADL and cognitive decline in oldest old.
• Measuring handgrip strength can be useful to identify those oldest old patients at risk for future decline.
• Handgrip strength measurement is an easy to use instrument in clinical geriatric practice.
Introduction
In the UK, as in many other developed nations, the population aged over 80 years is growing rapidly: in the last 10 years, there has been a growth of around 20%, and further dramatic rises are expected in the coming decade. Life expectancy has increased by almost 3.2 years for men and 2.2 years for women during this decade, but estimated
